Objective: To evaluate glycaemic and insulinaemic index and in vitro digestibility of the five most common Cameroonian mixed meals consisting of rice þ tomato soup (diet A), bean stew þ plantains (B), foofoo corn þ ndolé (C), yams þ groundnut soup (D), and koki beans þ cassava (E). Subjects: Ten healthy non-obese volunteers, aged 19 -31 y, with no family history of diabetes or hypertension. Interventions: A 75 g oral glucose tolerance test followed by the eating of the test diets with carbohydrate content standardized to 75 g every 4 days with blood samples taken at 0, 15, 30, 60, 120 and 180 min. In vitro digestion of each diet according to Brand's protocol. Main outcome measures: Plasma glucose, cholesterol, triglyceride, insulin and C-peptide, with calculation of glycaemic and insulinaemic index defined as the area under the glucose and insulin response curve after consumption of a test food divided by the area under the curve after consumption of a control food containing the same amount of carbohydrate, and digestibility index. Results: Glycaemic index (GI) varied from 34.1 (diet C) to 52.0% (diet E) with no statistical difference between the diets, and insulinaemic index varied significantly from 40.2% (C) to 70.9% (A) (P ¼ 0.03). The digestibility index varied from 18.9 (C) to 60.8% (A) (P < 0.0001), and did not correlate with glycaemic or insulinaemic indices. However, carbohydrate content correlated with GI (r ¼ 0.83; P ¼ 0.04), digestibility index (r ¼ À0.70; P < 0.01), and insulinaemic index (r ¼ 0.91; P < 0.01). Plasma C-peptide and plasma lipids showed little difference over 180 min following the ingestion of each meal. Conclusions: Glycaemic index of these African mixed meals are relatively low and might not be predicted by in vitro digestibility index.
Introduction
Diet therapy is one of the cornerstones of the management of type 2 diabetes, obesity and related disorders. Knowing the composition of local meals is a prerequisite for appropriate dietary management of the patients in specific contexts. However, there is also evidence that the composition alone would not permit to anticipate on the potential effect of a diet ( Jenkins et al, 1980) . Foods rich in carbohydrate for example with similar composition are known to cause different glycaemic responses ( Jenkins et al, 1982; Rasmussen et al, 1992) . In the early 1980s glycaemic and insulinaemic indices were suggested as a measurement of the effect of mixed meals on the carbohydrate metabolism (Jenkins et al, 1981 ). Yet, except few referenced studies from Kenya, Ghana and South Africa, data on the composition and effects of traditional foods are rare in Africa (Walker & Walker, 1984; Ayuo & Ettyang, 1996; Brakohiapa et al, 1997) . The present study was undertaken to evaluate the glycaemic, insulinaemic and lipid responses in healthy volunteers after the ingestion of five commonly consumed Cameroonian meals.
Methods

Subjects and meals
Ten healthy non-obese and physically active subjects (seven males and three females) participated in the study after they had given written informed consent. They had no family history of diabetes or obesity and had never had gastrointestinal tract surgery. Their characteristics are summarized in Table 1 .
Five diets whose macro and micronutrient composition had been previously studied were selected based on the frequency of their consumption by two Cameroonian populations (Sharma et al, 1996) . They were labelled A, B, C, D and E, and consisted of rice (Oriza sativa) þ tomato (Licopersicon esculentum) soup (diet A), bean (Phaseolus vulgaris) stew þ plantains (Musa paradisiaca) (diet B), foofoo corn (Zea mays) þ ndolé (made from mainly Vernonia sp.) (diet C), Yams (Dioscorea sp.) þ groundnut (Arachis hypogaea) soup (diet D), and koki beans (Phaseolus vulgaris) þ cassava (Manihot esculenta) (diet E). The portion of each diet served was calculated in order to achieve standardization to a 75 g carbohydrate content without changing the macronutrient composition, energy and fibre content, shown in Table 2 .
Study protocol
After selection, the subjects were invited to attend the meal studies on six consecutive occasions with a 4 day interval between any two studies. They were advised to eat a >150 g carbohydrate diet and maintain a minimal physical activity the day preceding each study, and attend the laboratory after an overnight fast. The studies consisted of a standard oral glucose tolerance test (OGTT; WHO, 1985) on the first occasion, and the ingestion of diets A, B, C, D and E on the subsequent five visits, respectively. On each study day, a cannula was placed in a vein of the forearm and kept patent with slow saline infusion (9 g NaCl=l). Blood sample were taken from the subjects at 0 (fasting), 15, 30, 60, 120 and 180 min after the post-fast 75 g glucose or test meal. Blood samples were collected in heparinized tubes. A portion was used immediately for measurement of whole blood glucose concentration (Hemocue B-glucose photometer, Hemocue Ltd, Sweden). From the remaining blood, plasma was separated by a 10 min 3000 g centrifugation at 4
C, and stored at À20 C until biochemical determinations. Plasma insulin and C-peptide concentrations were determined in all samples by immunoenzymatic methods (DAKO Diagnostics Ltd, UK). Plasma cholesterol and triglycerides were measured enzymatically.
Digestibility index (DI) of the test meals was studied according to Brand protocol (Brand et al, 1985) . Briefly, 1 g of a homogeneous mixture of the test diet was digested with 3 ml of 1% porcine pancreatine and 2 ml of saliva from the subject in a total volume of 15 ml. After 4 h incubation with shaking at 37 C, the mixture was centrifuged. The supernatant was added to 10 M HCl, heated at 75 C, neutralised with 10 M NaOH, and glucose concentration was determined enzymatically. DI was expressed as: digestibility index ¼ 10 4 Â T Â C Â (V 0 Â V 2 )=V 1 , where T ¼ carbohydrate content of the test meal; C ¼ glucose concentration as determined; V 0 ¼ initial volume; V 1 ¼ volume used for the test; and V 2 ¼ volume of the sample after neutralization. 
Statistical analysis
Results were plotted as glucose and insulin curves. Glycaemic index (GI), defined as the area under the glucose response curve after consumption of a test food divided by the area under the curve after consumption of a control food containing the same amount of carbohydrate (Wolever et al, 1991) , and insulinaemic index (II), defined as the area under the insulin response curve after consumption of a test food divided by the area under the curve after consumption of a control food containing the same amount of carbohydrate, were calculated using 75 g glucose as the standard, the GI and II of which were set at 100%. The change in area under the curve was calculated as the incremental area above the fasting value using the trapezoidal formula.
GI ¼ ðincremental blood glucose area of test meal= incremental area of glucoseÞ Â 100 II ¼ ðincremental plasma insulin area of test meal= incremental area of glucoseÞ Â 100
Early insulin secretion in response to glucose or test meals was calculated as the 30 min incremental plasma insulin. Results are expressed as mean AE standard deviation unless otherwise specified. Analysis of variance and Spearmann Figure 1 Mean and standard error of blood glucose (mmol=l) before, 15, 30, 60, 120 and 180 min after 75 g oral glucose challenge and test meals consumption. All experiments were conducted in 10 subjects (seven males and three females). Effects of African diets J-CN Mbanya et al correlation test were used for the purpose of analysis with significance level set at P < 0.05.
Ethical approval
The study protocol was approved by the thesis committee of the Faculty of Medicine and Biomedical Sciences, University of Yaoundé 1.
Results
The mean blood glucose concentration was similar before ingestion of the test diets on the six occasions, varying from 4.7 AE 0.5 to 5.2 AE 0.5 mmol=l. It increased above pre-diet values during the first 30 min post-prandial with all the diets (Figure 1 ). The highest initial peak was obtained with the 75 g glucose load at 31.6% above basal level, followed by diet A (14.1% increase), and the lowest diet C (3.8%), with a significant difference between the diets (P < 0.01). Blood glucose returned to basal values within 60 min for diets A, C and D, and within 120 min for the two others and glucose load. Analysis of variance showed no statistical difference between the glycaemic index of the selected diets, although it varied from 34.1% (diet C) to 52.0% (diet E) as shown in Table 3 . The highest incremental area under the glucose curve was obtained with glucose load (225 mmol l 71 min), and varied from 63 (diet C) to 108 (diet D) mmol l 71 min. Insulin concentration peaked at the 30th minute post-diet and returned to the pre-diet level within 180 min. Insulin concentration 2 h after the meals was still higher than basal concentration (P ¼ 0.006) for glucose and the five test diets (Figure 2 ). Diet C insulin curve showed the lowest peak while the highest was also elicited by the ingestion of glucose. The insulinaemic index varied from 40.1% with diet C to 70.9% Figure 2 Mean and standard error of plasma insulin and C-peptide before, 15, 30, 60, 120 and 180 min after 75 g oral glucose challenge and test meals consumption. All experiments were conducted in 10 subjects (seven males and three females).
Figure 3 Mean and standard error of plasma cholesterol and triglyceride before, 15, 30, 60, 120 and 180 min after 75 g oral glucose challenge and test meals consumption. All experiments were conducted in 10 subjects (seven males and three females). Diet A ¼ rice þ tomato soup; diet B ¼ bean stew þ plantains; diet C ¼ foofoo corn þ ndole; diet D ¼ yams þ groundnut soup; diet E ¼ koki beans þ cassava.
Effects of African diets J-CN Mbanya et al
for diet A (Table 3 ). The area under the insulin curve varied significantly between the test diets (P ¼ 0.003). Early insulin secretion did not differ significantly with the five test diets, ranging from 37.9 -79.4 mIU=mmol=l (Table 3) . C-peptide consistently increased over time from basal level (0.29 -0.36 ng=ml) to a peak at the 60th minute (0.74 -1.53 ng=ml), with a slower return to basal values (Figure 2 and Table 3) .
Unlike the concentration post-75 g glucose load, which decreased constantly over the 180 min study, triglycerides showed a peak between the second and the third hour post-prandial with the test diets (Figure 3) . The highest triglyceride concentration was significantly different from the pre-diet level after ingestion of diets A, B and C.
Pre-diet plasma cholesterol concentration ranged from 3.3 AE 0.7 to 3.6 AE 0.8 mmol=l. It showed similar post-prandial pattern after ingestion of glucose and the five test diets. The initial decrease over the first 2 h was followed by a slight elevation, significant only in diet C and oral glucose tolerance test when compared to the initial plasma cholesterol concentrations (Figure 3 ).
Digestibility index of diets A, B, C, D and E significantly differed (P < 0.0001; Table 3 ). The correlation between digestibility index and glycaemic index (GI) or insulinaemic index (II) did not reach statistical significance. The percentage of carbohydrate of food however was significantly correlated to glycaemic index (r ¼ 0.83; P ¼ 0.04), digestibility index (r ¼ À0.70; P < 0.01), insulinaemic index (r ¼ 0.91; P < 0.01).
Discussion
This study provides information about the short-term effect on carbohydrate and lipid metabolism in healthy humans of the five selected test meals frequently consumed in urban and rural Cameroon, Central -West Africa. The glycaemic index of these commonly consumed Cameroonian meals is relatively low, with a maximum at 52%. In addition, we found no correlation between the in vitro digestion and the in vivo metabolic effects of the mixed meals under study. However, the carbohydrate content of these meals correlated significantly with the glycaemic and insulinaemic indexes. The length of the post absorptive study period does allow limited conclusions on the effect of the test meals on plasma lipids due to their specific metabolism.
With GI ranging from 34 to 52%, the present test meals elicit lower glycaemic response and have lower glycaemic indices compared to ethnic food from other continents and most commonly eaten diets in westernised populations (Truswell, 1992; Birnbacher et al, 1995; Perry et al, 2000) . In addition, the meal that elicited the highest glycaemic response is among the least consumed in rural populations of South Cameroon. The hypothesized healthier character of traditional food of rural Africans might be supported by these relatively low glycaemic indices. Appropriate comparisons are however needed.
The generalization of these conclusions must, however, allow for potential variation induced by processing and cooking methods and the possible differences in variety and maturity of some of the components of these diets. Indeed, Soh et al have reported slight variations in GI of potatoes depending on the maturity, although changes in GI were not drastic (Soh & Brand-Miller, 1999) . In the present study, we avoided such variation by using a standardised processing and cooking procedure for the test mixed meals. In Cameroon, very little differences in the cooking procedure may exist between tribes or households for the test meals chosen. However, the degree of ripeness of plantains might represent a potential source of variation of glycaemic indices of plantaincontaining mixed meals from the results we observed. Our results provide additional evidence on the importance of consumption of mixed meals, since the GI is significantly lowered in mixed meals compared with individual carbohydrate rich foods. Although the mixed meal containing rice had one of the highest GIs in the present study, this GI represented only 40% of the reported GI of rice tested alone (Larsen et al, 2000) . Similarly all beans-containing meals in this study had much lower GI compared with beans studied alone in the literature. Moreover, Wolever et al showed the adverse effect of canning of beans on GI (Wolever et al, 1987) . In their study, they found a change from 47 to 71% GI of cooked dried beans compared with canned beans (Wolever et al, 1987) . Canning is not used as preservation means in rural Africa.
Although studies of African diets are seldom reported, the available data from the literature consistently reports similar relatively low glycaemic indexes with traditional foods (Walker & Walker, 1984; Ayuo & Ettyang, 1996; Brakohiapa et al, 1997) . However, because of the scarcity of such data, dietary management of populations of African origin remains a nightmare in urban African settings and in other continents. Most migrant populations from Africa living in Europe and other Western countries, while adopting Western lifestyle and dietary habits tend to maintain at least in part their traditional meals (Romand et al, 2001) . Dieticians dealing with these African communities in other continents are facing, as well as their colleagues in Africa, the difficulty of working with limited scientific evidence about glycaemic indices of traditional foods. Composition of African foods has, however, been more extensively studied (Herzog et al, 1993; Achinewhu et al, 1995; Hudson, 1995; Sharma et al, 1996; Giami & Wachuku, 1997) .
We therefore also verified whether metabolic effect of commonly eaten mixed meals might be anticipated by the knowledge of their composition or by in vitro studies of their digestibility. In fact, based on the assumption that small intestinal digestion is a rate-limiting step, there is a hypothesis that traditional carbohydrate foods that are digested slowly in vitro are likely to give low glycaemic responses (O'Dea et al, 1981; Jenkins et al, 1984) . We found no significant correlation between digestibility index and GI and II and therefore concluded that in vitro digestion would probably be Effects of African diets J-CN Mbanya et al of limited interest in the evaluation of these mixed meals. By contrast, carbohydrate content correlated significantly with GI and might be of interest in the evaluation of dietary prescription in the absence of metabolic studies. The clinical utility of GI and the benefit of low-GI meals in the management of glucose intolerance and diabetes has been suggested by several investigators (Bornet et al, 1997; Lafrance et al, 1998) , although the relative importance of GI vs the amount of carbohydrate in a meal is still debated. The results of this study provide additional insight on the potential benefit of traditional African meals in the management of these metabolic disorders. However, it has also been shown that GI of some ethnic foods is higher in diabetic patients compared with in healthy subjects (Urooj & Puttaraj, 2000) . In addition, although some of the studied mixed meals have low glycaemic index, they tend to elicit high insulin secretory response in healthy volunteers, as evidenced by insulinaemic index and early insulin secretion. Taking into consideration the usual blunting of early insulin secretory response observed in diabetic patients (Weyer et al, 1999) , it is anticipated that these meals might induce higher glycaemic response in diabetic patients. Additional investigation is therefore required in diabetic patients and in order to extend the database of metabolic effects of African traditional meals.
Conclusion
The present study provides evidence of low glycaemic indexes of some ethnic mixed meals frequently consumed in some parts of Africa. Glycaemic index might not be anticipated by in vitro digestibility index. Further studies are therefore required to extend the database of metabolic effects of African meals in healthy volunteers and in glucose intolerant patients.
